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OPTICAL ELEMENT HAVING WAVELENGTH SELECTIVITY 
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The present invention relates to an optical element 
having wavelength selectivity, and, more particularly, to 
an optical element which multiplexes lights of different 
wavelengths or demultiplexes multiplexed light wavelength 
by wavelength. 
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Optical elements using an optical fiber and 
collimator lens have conventionally been used as optical 
communication equipment parts. When optical communication 

15 becomes very popular from now on, miniaturization and 

integration of optical communication equipment parts become 
further essential. Optical communication requires a 
technique which demultiplexes light by selectively 
transmitting or reflecting light wavelength by wavelength. 

20 A multi-layered film filter which has high refractive-index 
dielectric layers and low refractive-index dielectric 
layers alternately laminated, e.g., an edge filter or a 
narrow-band filter, is known as an optical filter. 

25 An optical communication equipment part 100 as shown 

in, for example. Fig. 1 is known as a conventional optical 
communication equipment part which uses such an optical 
filter. The optical communication equipment part 100 
demultiplexes mixed light including eight kinds of optical 

30 signals (Chl-8) with different center wavelengths into 
individual optical signals. 



As shown in Fig. 1, the optical communication 



equipment part 100 includes a plurality of collimator 
lenses 101, 102, 104 to 119, an attenuator 103 and a 
plurality of optical filters Fl to F9 . Each of the 
collimator lenses 101, 102, 104-119 is constituted by a rod 
lens, and the attenuator 103 attenuates the light intensity 
of incident light to a predetermined value. An optical 
signal is sent among those members through an optical fiber. 

Mixed light which has entered the optical 
communication equipment part 100 is first separated into 
transmitted light (optical signal Ch5) and reflected light 
(optical signals Chl-4, 6-8) by the optical filter F5 . The 
optical signal Ch5 is let out after its light intensity is 
attenuated to a predetermined value by the attenuator 103. 
The optical signals Chl-4, 6-8 are separated into 
transmitted light (optical signals Ch6-8) and reflected 
light (optical signals Chl-4) by the optical filter F9 . 
The optical signals Ch6-8 are separated into transmitted 
light (optical signal Ch6) and reflected light (optical 
signals Ch7, 8) by the optical filter F6. The optical 
signal Ch6 is let out through the collimator lens 107. 
Meanwhile, the optical signals Ch7, 8 are separated into 
transmitted light (optical signal Ch7) and reflected light 
(optical signal Ch8) by the optical filter F7 . The optical 
signal Ch7 is let out through the collimator lens 109, and 
the optical signal Ch8 passes through the optical filter F8 
and is let out through the collimator lens 111. 

The optical signals Chl-4 as reflected light from the 
optical filter F9 are separated into transmitted light 
(optical signal Chi) and reflected light (optical signals 
Ch2-4) by the optical filter Fl, and the optical signal Chi 
is let out through the collimator lens 113. The optical 
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signals Ch2-4 are separated into transmitted light (optical 
signal Ch2) and reflected light (optical signals Ch3, 4) by 
the optical filter F2, and the optical signal Ch2 is let 
out through the collimator lens 115. The optical signals 
Ch3, 4 are separated into transmitted light (optical signal 
Ch3) and reflected light (optical signal Ch4) by the 
optical filter F3. Ch3 is let out through the collimator 
lens 117, and the optical signal Ch4 passes through the 
optical filter F4 and is let out through the collimator 
lens 119. 

The prior art technique illustrated in Fig. 1 has the 
following problems. 

(1) Because multiplexed, mixed light is separated 
into lights of different center wavelengths, many optical 
members, such as optical filters and collimator lenses, are 
needed, thus increasing the manufacturing cost. With 
regard to optical filters, particularly, since multiple 
optical filters of different kinds should be used, it takes 
time to prepare multiple optical filters, further 
increasing the manufacturing cost. 

(2) It is necessary to individually mount the 
optical filters F1-F9 to the end faces of the associated 
collimator lenses, and, what is more, because the 
collimator lenses are relatively small, the mounting of the 
optical filters is a very delicate work. Therefore, the 
mounting of the optical filters is difficult and the 
working efficiency is poor. As a result, the manufacturing 
cost is further increased. 



(3) A troublesome alignment work is needed to 
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coincide the optical axes of the collimator lenses located 
in front and in the rear of each optical filter with each 
other. The alignment work should be executed by the number 
of the optical filters, thus increasing the manufacturing 
5 steps. 



Paying attention to the conventional problems, the 
10 present invention has been made and aims at providing an 
optical element having wavelength selectivity, which is 
easy to manufacture and reduces the manufacturing cost. 

To achieve the above-described object, according to a 
15 first aspect of the present invention, there is provided an 
optical element having wavelength selectivity, comprising a 
lens array having one end face and a plurality of lenses 
arranged on the one end face; and a multi-layered film 
filter formed on the one end face of the lens array. The 
20 multi-layered film filter includes high refractive-index 
dielectric layers and low refractive-index dielectric 
layers laminated alternately and its film thickness 
continuously changes in accordance with positions of the 
individual lenses. 

25 

It is preferable that the plurality of lenses should 
be aligned in a line toward a second end from a first end 
of the one end face of the lens array and the thickness of 
the multi-layered film filter should linearly change toward 
30 the second end from the first end. 



It is preferable that the lens array should be a rod 
lens array including a plurality of rod lenses. 
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It is preferable that the lens array should be a 
gradient index planar microlens including a single 
substrate and a plurality of microlenses formed in a line 
on the substrate. 

It is preferable that the plurality of microlenses 
•should protrude from the substrate. 

It is preferable that the lens array should have 
another end face facing the one end face; and the optical 
element should further have a light emitting device for 
emitting light toward the multi-layered film filter via 
individual lenses of the lens array. 

It is preferable that the light emitting device 
should be integral with the lens array. 

It is preferable that the light emitting device 
should include a plurality of light sources provided in 
association with individual lenses of the lens array. 

It is preferable that the lens array should have 
another end face facing the one end face; and the optical 
element should further have a plurality of light receiving 
elements for respectively receiving a plurality of optical 
signals having different center wavelengths, obtained by 
demultiplexing incident light by the multi-layered film 
filter, via individual lenses of the lens array. 

It is preferable that the plurality of light 
receiving elements is integral with the lens array. 



According to a second aspect of the present invention, 
there is provided a method of manufacturing an optical 
element having wavelength selectivity. The manufacturing 
method comprises a step of preparing a lens array having 
one end face and a plurality of lenses arranged on the one 
end face; and a step of directly forming a multi-layered 
film filter on the one end face of the lens array by a 
physical vapor deposition method in such a way that a 
thickness continuously changes in accordance with positions 
of the plurality of individual lenses. 

It is preferable that the manufacturing method should 
further comprise a step of arranging the lens array in such 
a way that the one end face of the lens array is inclined 
with respect to an evaporation source or a target, prior to 
the step of forming the multi-layered film filter. 

It is preferable that the manufacturing method should 
further comprise a step of arranging a film thickness 
correcting plate having a substantially trapezoidal opening 
portion between the lens array and the evaporation source 
or target, prior to the step of forming the multi-layered 
film filter. 

[Uiiel Uescri pLxon Ul Lht; Dmwiiiy^j] - 

To better understand the present invention together 
with the object and features of the present invention, the 
following description of representative embodiments 
together with the accompanying drawings will be referred to. 

Fig, 1 is a schematic connection diagram of a 
conventional optical element. 



Fig. 2 is a schematic cross-sectional view of an 
optical element according to a first embodiment of the 
present invention. 

Fig. 3 is a schematic perspective view of a 
deposition apparatus used in manufacturing the optical 
element in Fig. 2. 

Fig. 4 is a schematic perspective view of a rod lens 
array of the optical element in Fig. 2. 

Fig. 5 is a graph showing the characteristic of a 
multi-layered film filter of the optical element in Fig. 2. 

Fig. 6 is a graph showing a change in the center 
wavelength of the multi-layered film filter with respect to 
the rod lens array in Fig. 4. 

Fig, 7 is a schematic cross-sectional view of an 
optical element according to a second embodiment of the 
present invention. 

Fig. 8 is a schematic cross-sectional view of an 
optical element according to a third embodiment of the 
present invention. 

Fig, 9 is a schematic cross-sectional view of an 
optical element according to a fourth embodiment of the 
present invention. 

Fig. 10 is a schematic perspective view of a planar 
microlens of the optical element in Fig. 9. 
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Fig. 11 is a schematic perspective view of another 
example of the planar microlens of the optical element in 
Fig. 9. 

5 Fig. 12 is a schematic perspective view of a film 

thickness correcting plate. 

Fig. 13 is a schematic perspective view of a further 
example of the planar microlens of the optical element in 
10 Fig. 9. 
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^oJt^ Fig. 2 is a cross-sectional view schematically 



15 illustrating an optical element llA according to the first 
embodiment of the present invention. The optical element 
llA, as shown in Fig. 2, includes a rod lens array 12 and a 
multi-layered film filter 13. The multi-layered film 
filter 13 is formed by alternately laminating high 
20 refractive-index dielectric layers and low refractive-index 
dielectric layers on one end face 14 of the rod lens array 
12 in a lengthwise direction. 



As shown in Fig. 4, the rod lens array 12 includes 
25 plural (eight in this embodiment) rod lenses LI to L8 . The 
rod lenses L1-L8 are gradient index optical elements and 
are arranged side by side in such a way that the optical 
axes of the adjoining rod lenses become in parallel- A 
resin is filled in gaps between and around the individual 
30 rod lenses L1-L8, and the rod lens array 12 is integrated 

by a holding plate (not shown) . The one end face 14 of the 
rod lens array 12 in the lengthwise direction is flat. 
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The multi-layered film filter 13 is formed on the 
entire surface of the one end face 14 of the rod lens array 
12 in such a way that its thickness continuously changes in 
accordance with the positions of the individual rod lenses 
5 L1-L8. Specifically, the film thickness of the multi- 
layered film filter 13 linearly increases from one end 14a 
of the rod lens array 12 to the other end 14b in the layout 
direction of the rod lenses L1-L8. That is, the thickness 
of the multi-layered film filter 13 increases toward the 

10 other end 14b of the rod lens array 12 from one end 14a. 
Therefore, the center wavelength of light which passes 
through the individual portions of the multi-layered film 
filter 13 becomes shorter as the thickness of the multi- 
layered film filter 13 becomes thinner. As shown in Fig, 2, 

15 the center wavelengths {XI to X.8 ) of lights which pass the 
multi-layered film filter 13 at portions corresponding to 
the rod lenses L1-L8 are different. 

Fig. 5 shows the relationship between the wavelengths 
20 of the individual transmitted lights of the multi-layered 
film filter 13 and the transmittances , Fig. 5 shows the 
characteristic in a case where the multi-layered film 
filter 13 is an edge filter. In Fig. 6, the horizontal 
scale indicates the rod lenses L1-L8 as serial numbers 1 to 
25 8 of the lenses, and the vertical scale indicates the 

ratios of the center wavelengths of other rod lenses L2-L8 
to the center wavelength of the lens 1 (rod lens LI) . For 
example, the ratio of the center wavelength of the lens 3 
(rod lens L3) to the center wavelength of the lens 1 is 
30 approximately 1.04 and the ratio of the center wavelength 

of the lens 6 (rod lens L6) to the center wavelength of the 
lens 1 is approximately 1.10. 
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The multi-layered film filter 13 is a narrow-band 
filter or an edge filter formed by alternately laminating 
high refractive-index dielectric layers and low refractive- 
index dielectric layers, and is directly deposited on one 
end face 14 of the rod lens array 12 in vacuum by a 
physical vapor deposition method. Here, for example, a 
tantalum oxide is used for the high refractive-index 
dielectric layers and a silicon oxide is used for the low 
refractive-index dielectric layers. 

The multi-layered film filter 13 is deposited by 
sputtering (physical vapor deposition method) by using a 
deposition apparatus 15, for example, as shown in Fig. 3. 
A target 17 is attached to a target electrode 18 in a 
vacuum chamber 16 in the deposition apparatus 15. A 
negative voltage is applied to the target electrode 18 by a 
DC voltage source or an AC voltage source or a pulse 
voltage source. A vacuum exhaust system (not shown) is 
attached to the vacuum chamber 16. A single or plural rod 
lens arrays 12 are fixed at approximately equal intervals 
to the outer surface of a rotary drum 19 provided in the 
vacuum chamber 16. Fig. 3 shows a single rod lens array 12. 

Each rod lens array 12 is fixed to the outer surface 
of the rotary drum 19 in such a way that its lengthwise- 
directional one end face 14 faces the target 17 in a state 
inclined by an angle a with respect to the target 17 . 

After the internal space of the vacuum chamber 16 is 
set to a high vacuum state by the vacuum exhaust system, a 

negative voltage is applied to the target electrode 18 with 

an inactive gas of, for example, Ar fed into the chamber 16. 

Then, a plasma is produced in the vapor near the surface of 
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the target electrode 18, and target atoms are emitted from 
the surface of the target electrode 18 by the sputtering 
phenomenon. The emitted target atoms are adhered and 
deposited on the one end face 14 of the rod lens array 12, 
5 thereby forming a thin film. 

In a step of forming a thin film on the one end face 
14 of the rod lens array 12 in this manner, the rotary drum 
19 is rotated at a predetermined speed and the one end face 

10 14 of each rod lens array 12 passes in front of the target 
17 in an inclined state. Accordingly, the distance between 
the one end face 14 and the target 17 (hereinafter called a 
target-array distance) becomes shorter toward the other end 
14b from the one end 14a of the rod lens array 12. 

15 Therefore, the film that is formed on the one end face 14 
becomes thicker toward the other end 14b from the one end 
14a. The thickness of the multi-layered film filter 13 
that is formed on the one end face 14 of the rod lens array 
12 in this manner increases linearly toward the other end 

20 (second end) 14b from the one end (first end) 14a of the 
rod lens array 12 (see Fig. 2) in the layout direction of 
the individual rod lenses LI to L8 . 

Note that the multi-layered film filter 13 can be 
25 deposited by, besides the sputtering method, vacuum 

deposition or other sputtering methods as the physical 
vapor deposition method. To acquire a high weather 
resistance by the multi-layered film filter 13, magnetron 
sputtering, ion beam sputtering and ion assist vapor 
30 deposition can be used. 

The optical element llA of the first embodiment has 
the following advantages. 

- 11 - 



I 



(1) The multi-layered film filter 13 that 
demultiplexes mixed light is formed on the entire surface 
of the lengthwise-directional one end face 14 of the rod 
lens array 12 by sputtering in such a way that its 

5 thickness varies. This eliminates the need for a plurality 
of optical filters of different types for demultiplexing 
mixed light, so that the number of parts of the optical 
element llA is reduced and the multi-layered film filter 13 
is formed easily. This results in reduction in the number 
10 of working steps of the optical element llA and in the 
manufacturing cost as well. 

(2) The film thickness of the multi-layered film 
filter 13 linearly increases toward the other end 14b from 

15 the one end 14a of the rod lens array 12 in the layout 
direction of the rod lenses L1-L8 . Therefore, the 
relationship between the positions of the individual rod 
lenses L1-L8 and the center wavelengths of lights that pass 
through individual portions of the multi-layered film 

20 filter 13 corresponding to the positions is determined 

uniquely. That is, the individual positions of the multi- 
layered film filter 13 and the center wavelengths of 
transmitted lights are expressed by a linear equation. 
Therefore, it is easy to change the design associated with 

25 the positions and the quantity of the individual rod lenses 
L1-L8. 

(3) In a case where the number of lenses (eight in 
this embodiment) of the rod lens array 12 is increased to 

30 increase the amount of information, the center wavelengths 
of the individual portions of the multi-layered film filter 
that respectively correspond to the increased rod lenses 
are defined uniquely by the thicknesses of the individual 
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portions. It is therefore possible to easily cope with an 
increase in the number of lenses. 

- [■ Sooofhd embodiment '] 

Fig. 7 is a cross-sectional view schematically 
showing an optical element IIB according to the second 
embodiment of the present invention. The optical element 
IIB includes a laser diode array (light emitting device) 30 
which emits light toward to the multi-layered film filter 
13 via the individual rod lenses L1-L8 of the rod lens 
array 12 in addition to the structure of the optical 
element llA of the first embodiment. The laser diode array 
30 is provided on an other end face 24 facing the one end 
face 14 of the rod lens array 12 and integrated with the 
rod lens array 12. The laser diode array 30 has eight 
laser diodes (a plurality of light sources) LDl to LD8 
provided in association with the individual rod lenses Ll- 
L8. 

The individual laser diodes LD1-LD8 emit laser lights 
of, for example, the same center wavelength. The half- 
value widths of the laser lights from the individual laser 
diodes LD1-LD8 may be wide. That is, according to the 
second embodiment, light having eight types of wavelengths 
XI to XS is demultiplexed by the multi-layered film filter 
13 within the wavelength range of the half-value widths of 
the individual laser diodes LD1-LD8. The multi-layered 
film filter 13 is constructed as a narrow-band filter. 

The laser light to be output from the laser diode LDl 
is made parallel by the rod lens LI and enters the multi- 
layered film filter 13. Of the laser lights incident to 
the multi-layered film filter 13, the light that has a 
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center wavelength of Xl passes through the multi-layered 
film filter 13. Likewise, the laser lights to be output 
from the laser diodes LD2-LD8 are made parallel by the rod 
lenses L2-L8 respectively and the lights that respectively 
have center wavelengths of X2-XS pass through the multi- 
layered film filter 13. 

The optical element IIB of the second embodiment has 
the following advantages. 

(1) The lights that are emitted from the individual 
laser diodes LD1-LD8 of the laser diode array 30 enter the 
multi-layered film filter 13 via the individual rod lenses 
L1-L8 and are demultiplexed to lights with different center 
wavelengths by the multi-layered film filter 13. A 
multiplexed, mixed light is produced by converging the 
demultiplexed lights with different center wavelengths. 
Given that the number of lenses of the rod lens array 12 is 
n, for example, mixed light including lights with center 
wavelengths of Xl to A,n is generated. 

(2) The laser diode array 30 is integrated with the 
rod lens array 12. Therefore, the lights to be emitted 
from the individual laser diodes LD1-LD8 directly enter the 
corresponding rod lenses L1-L8. As a result, the optical 
loss is reduced. Further, the connection to the light 
sources, for example, laser diodes, becomes unnecessary, 
thereby providing an optical element easy to use. 

(3) As ON and OFF of the laser diodes LD1-LD8 are 
individually controlled by a control circuit (not shown9, 
it is possible to emit an optical signal having an 
information amount of 2^ from the multi-layered film filter 
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13. When only the laser diodes LDl and LD2 are turned ON, 
for example, lights with center wavelengths of XI and X2 
are extracted (selected) by the multi-layered film filter 
13 and a mixed light signal including lights with center 
wavelengths of XI and X2 can be produced by multiplexing 
both lights - 

**[ThiTrd Fmbodnimont-h 
Fig. 8 is a cross-sectional view schematically 
showing an optical element IIC according to the third 
embodiment of the invention. The optical element IIC 
includes a photodetector array 40 in addition to the 
structure of the optical element llA of the first 
embodiment. The photodetector array 40 detects a plurality 
of lights (lights with wavelengths Xl-XQ) , demultiplexed by 
the multi-layered film filter 13, via the individual rod 
lenses L1-L8 of the rod lense array 12. The photodetector 
array 40 is provided on the other end face 24 facing the 
one end face 14 of the rod lens array 12 and is integrated 
with the rod lens array 12. The photodetector array 40 has 
eight photodetectors PDl to PD8 provided in association 
with the rod lenses L1-L8. The multi-layered film filter 
13 is constructed as a narrow-band filter. 

The optical element IIC of the third embodiment has 
the following advantages. 

(1) Mixed light including lights with center 
wavelengths Xl-XS is demultiplexed by the multi-layered 
film filter 13 and the demultiplexed lights with the center 
wavelengths ^l-A.8 are detected by the photodetectors PDl- 
PD8 via the rod lenses L1-L8 . Given that the number of the 



rod lenses is n and the mixed light is an optical signal 
having an information amount of 2", for example, mixed 
light is separated to lights with different center 
wavelengths Xl-Xn for the respective rod lenses L1~L8 by 
the multi-layered film filter 13 and they are received by 
the respective photodetectors PD1-PD8. Therefore, the 
photodetector array 40 can convert an optical signal having 
an information amount of 2" to an electric signal having an 
information amount of 2". 

»[Ffrinrl7h TTimbodimonti] 

Fig. 9 is a cross-sectional view schematically 
showing an optical element IID according to the fourth 
embodiment of the present invention. Fig. 10 is a 
schematic perspective view of a planar microlens 50 of the 
optical element IID. The optical element IID has a 
gradient index planar microlens 50 in place of the rod lens 
array 12 of the first embodiment shown in Fig. 2. 

The planar microlens 50 has, for example, six 
microlenses 51 to 56, which are graded-index areas, on a 
single substrate 59. As shown in Figs. 9 and 10, a 
lengthwise-directional one end face 50a of the microlens 50 
is formed as a flat face and the multi-layered film filter 
13 is formed on that one end face 50a. 

The optical element IID of the fourth embodiment has 
the same advantages as the first embodiment. 

It should be apparent to those skilled in the art 

that the present invention may be embodied in other 

substituting examples without departing from the spirit and 

scope of the present invention. 
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In the first embodiment, the number of rod lenses of 
the rod lens array 12 is not limited to eight. A plurality 
of rod lenses may be laid out in two or more rows. 

In the first embodiment, the multi-layered film 
filter 13 may be formed via a film thickness correcting 
plate 70 (see Fig. 12) provided, for example, between the 
rod lens array 12 and the target 17. The film thickness 
correcting plate 70 has a substantially trapezoidal opening 
portion (71) . In this case, a part of the surface of the 
target 17 which is exposed with respect to the one end face 
14 is shielded by the film thickness correcting plate 70. 

Specifically, the opening portion (71) is formed in a 
substantially trapezoidal shape and is formed in such a way 
that the width of the opening portion changes gradually 
toward the other end from the lengthwise-directional one 
end of the one end face 14 of the rod lens array 12. The 
target 17 and the rod lens array 12 are arranged in such a 
way that their lengthwise directions become the same. 
Therefore, the multi-layered film filter which has a film 
thickness according to the exposed width (the width of the 
opening portion) of the surface of the target 17 is formed 
on the lengthwise-directional one end face 14 of the rod 
lens array 12. That is, the film thickness of the multi- 
layered film filter which faces a portion at which the 
width of the opening of the surface of the target 17 is 
narrow is thin, and the film thickness of the multi-layered 
film filter which faces a portion at which the width of the 
opening is wide is thick. The film thickness correcting 
plate 70 may be provided between the lens array 12 and an 
evaporation source. 



In the second embodiment, an LED array may be used as 
the light emitting device. 

5 In the fourth embodiment, the multi-layered film 

filter 13 may be formed on an other end face 50b facing the 
one end face 50a of the gradient index planar microlens 50. 

In the fourth embodiment, a gradient index planar 
10 microlens 50' shown in Fig. 11 may be used in the optical 
element IID. Six microlenses 51' to 56' which are graded- 
index areas are formed in a semicolumnar shape on the 
substrate 59 of the microlens 50'. In this case, the 
multi-layered film filter 13 is formed on one of both end 
15 faces 50a', 50b' of the substrate 59. Both end faces 50a', 
50b' are formed flat. 

In the fourth embodiment, a gradient index planar 
microlens 60 shown in Fig. 13 may be used in the optical 
20 element IID. For example, six substantially hemispherical 
microlenses 61 to 66 are protrusively formed on one end 
face 60a of a substrate 69 of the planar microlens 60. 
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